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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress or prevent the 
generation and attachment of powdery particles which 
can easily attach to an intermediate mesh plate 
electrode and gas injector and also suppress or prevent 
the peel-off of a oxide film, which becomes thick on the 
surface of the intermediate mesh plate electrode and of 
the gas injector. 

SOLUTION: Oxygen plasma 6 is generated between a 
high frequency applied electrode 1 and an intermediate 
mesh plate electrode 1 1 , and oxygen radicals 7 which 
have passed through the intermediate mesh plate 
electrode 1 1 are caused to react with monosilane gas 9 
to jet out from a flat injector 31 to form a silicon oxide film 
4 on a substrate 3. Between a plurality of monosilane 

gas jetting holes and oxygen radial through-holes, which are formed independently in a flat 
injector, inactive gas jetting hole which jet out inactive gas such as a helium are formed. 
Consequently, rapid reaction between the oxygen radicals and monosilne gas near the flat 
injector is suppressed, and generation of silicon oxide powdery particles which tend to 
generated by rapid reaction and their attachment to the flat injector is supressed prevented. 




LEGAL STATUS 

http://wwwl9.ipdl.jpo.go jp/PAl/result/detail/main/wAAAc7a4GWDA41 1 168094Pl.htm 



5/21/04 



[Date of request for examination] 03. 1 2. 1 997 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 

the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 3161394 

[Date of registration] 23.02.2001 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdl.jpo.goJp/PAl/result/detail/main/wAAAc7a4GWDA411168094Pl.htm 



5/21/04 



rags- i v/i. j 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** sn ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] plasma CVD equipment characterize by have the device which control a reaction near [ said ] 
the middle mesh plate electrical and electric equipment of the radical and ingredient gas which passed 
said middle mesh plate electrode in the plasma CVD equipment which have the middle mesh plate 
electrode for plasma separation with which two or more holes be prepared between the plasma 
generating room and the substrate processing room . 

[Claim 2] the plasma CVD equipment characterize by to have the device which control a reaction near 
[ said ] the ingredient gas injector of the radical and the ingredient gas which passed said middle mesh 
plate electrode in the plasma CVD equipment which have the middle mesh plate electrode for plasma 
separation with which two or more holes be prepared between the plasma generating room and the 
substrate processing room , and have an ingredient gas injector between said middle mesh plate 
electrodes and substrates . 

[Claim 3] Plasma-CVD equipment characterized by having an inert gas injector between said middle 
mesh plate electrode and said ingredient gas injector in the plasma-CVD equipment which has the 
middle mesh plate electrode for plasma separation with which two or more holes were prepared between 
the plasma generating room and the substrate processing room, and has an ingredient gas injector 
between said middle mesh plate electrodes and substrates. 

[Claim 4] The plasma-CVD equipment characterized by to have the hole which pass the radical which 
said middle mesh plate electrode produced in the plasma generating field in the plasma-CVD equipment 
which have the middle mesh plate electrode for plasma separation with which two or more holes be 
prepared between the plasma generating room and the substrate processing room , and have an 
ingredient gas injector between said middle mesh plate electrodes and substrates , and the hole which 
inject inert gas . 

[Claim 5] Plasma-CVD equipment characterized by to have the hole which pass the radical which said 
middle mesh plate electrode produced in the plasma generating field in the plasma-CVD equipment 
which have the middle mesh plate electrode for plasma separation with which two or more holes be 
prepared between the plasma generating room and the substrate processing room , the hole which make 
ingredient gas inject , and the hole which inject inert gas . 

[Claim 6] The plasma CVD equipment characterize by to have the hole which pass the radical which the 
above-mentioned gas injector produced in a plasma generating field in the plasma CVD equipment 
which have the middle mesh plate electrode for plasma separation with which two or more holes be 
prepared between the plasma generating room and the substrate processing room , and have a gas 
injector between said middle mesh plate electrodes and substrates , the hole which make ingredient gas 
inject , and the hole which inject inert gas . 

[Claim 7] Plasma-CVD equipment characterized by having a means to control that the film deposited 
between the plasma generating room and the substrate processing room at said middle mesh plate in the 
plasma-CVD equipment which has the middle mesh plate electrode for plasma separation with which 
two or more holes were prepared exfoliates. 
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[Claim 8] plasma CVD equipment characterize by to have the middle mesh plate electrode for plasma 
separation with which two or more holes be prepared between the plasma generating room and the 
substrate processing room , and to have a means control that the film deposited in the plasma CVD 
equipment which have an ingredient gas injector at said ingredient gas injector between said middle 
mesh plate electrodes and substrates exfoliate . 

[Claim 9] it be plasma CVD equipment which characterize by to be form said ingredient gas injector 
with an ingredient with the coefficient of thermal expansion difference of an ingredient gas injector 
ingredient and a membrane formation ingredient small than the coefficient of thermal expansion 
difference of stainless steel and a membrane formation ingredient in the plasma CVD equipment which 
have the middle mesh plate electrode for plasma separation with which two or more holes be prepared 
between the plasma generating room and the substrate processing room , and have an ingredient gas 
injector between said middle mesh plate electrodes and substrates . 

[Claim 10] In the plasma-CVD equipment which has the middle mesh plate electrode for plasma 
separation with which two or more holes were prepared between the plasma generating room and the 
substrate processing room, and has an ingredient gas injector between said middle mesh plate electrodes 
and substrates Said ingredient gas injector is plasma-CVD equipment characterized by being covered 
with covering material and covering the coefficient-of-thermal-expansion difference of the covering 
material and membrane formation ingredient with the ingredient smaller than the coefficient-of-thermal- 
expansion difference of stainless steel and a membrane formation ingredient. 
[Claim 1 1] it be plasma CVD equipment characterize by to be form said middle mesh plate electrode 
with an ingredient with the coefficient of thermal expansion difference of a middle mesh plate electrode 
material and a membrane formation ingredient small than the coefficient of thermal expansion 
difference of stainless steel and a membrane formation ingredient in the plasma CVD equipment which 
have the middle mesh plate electrode for plasma separation with which two or more holes be prepared 
between the plasma generating room and the substrate processing room , and have an ingredient gas 
injector between said middle mesh plate electrodes and substrates . 

[Claim 12] In the plasma-CVD equipment which has the middle mesh plate electrode for plasma 
separation with which two or more holes were prepared between the plasma generating room and the 
substrate processing room, and has an ingredient gas injector between said middle mesh plate electrodes 
and substrates Said middle mesh plate electrode is plasma-CVD equipment characterized by being 
covered with covering material and covering the coefficient-of-thermal-expansion difference of the 
covering material and membrane formation ingredient with the ingredient smaller than the coefficient- 
of-thermal-expansion difference of stainless steel and a membrane formation ingredient. 
[Claim 13] Plasma-CVD equipment with which the coefficient-of-thermal-expansion difference of the 
ingredient of said inert gas injector front face and a membrane formation ingredient is characterized by 
being smaller than the coefficient-of-thermal-expansion difference of stainless steel and a membrane 
formation ingredient at least in plasma-CVD equipment according to claim 3. 

[Claim 14] Plasma-CVD equipment characterized by being the structure where said middle mesh plate 
electrode can have the temperature of 100 degrees C or more in the plasma-CVD equipment which has 
the middle mesh plate electrode for plasma separation with which two or more holes were prepared 
between the plasma generating room and the substrate processing room. 

[Claim 15] plasma CVD equipment characterize by be the structure where said ingredient gas injector 
can have the temperature of 100 degrees C or more in the plasma CVD equipment which have the 
middle mesh plate electrode for plasma separation with which two or more holes be prepared between 
the plasma generating room and the substrate processing room, and have an ingredient gas injector 
between said middle mesh plate electrodes and substrates. 

[Claim 16] Plasma-CVD equipment with which said ingredient gas injector is characterized by be 
constituted including a heating element in the plasma-CVD equipment which has the middle mesh plate 
electrode for plasma separation with which two or more holes were prepared between the plasma 
generating room and the substrate processing room , and has an ingredient gas injector between said 
middle mesh plate electrodes and substrates . 
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[Claim 17] Plasma-CVD equipment with which said middle mesh plate electrode is characterized by be 
constituted including a heating element in the plasma-CVD equipment which has the middle mesh plate 
electrode for plasma separation with which two or more holes were prepared between the plasma 
generating room and the substrate processing room , and has an ingredient gas injector between said 
middle mesh plate electrodes and substrates . 

[Claim 18] Plasma-CVD equipment characterized by connecting said ingredient gas injector with the 
heating element in the plasma-CVD equipment which has the middle mesh plate electrode for plasma 
separation with which two or more holes were prepared between the plasma generating room and the 
substrate processing room , and has an ingredient gas injector between said middle mesh plate electrodes 
and substrates . 

[Claim 1 9] plasma CVD equipment characterize by connect said middle mesh plate electrode with the 
heating element in the plasma CVD equipment which have the middle mesh plate electrode for plasma 
separation with which two or more holes be prepared between the plasma generating room and the 
substrate processing room , and have an ingredient gas injector between said middle mesh plate poles 
and substrates . 

[Claim 20] Plasma-CVD equipment characterized by being the structure where said gas injector can 
have the temperature of 100 degrees C or more in plasma-CVD equipment according to claim 3. 
[Claim 21] it be plasma CVD equipment characterize by for distance with the substrate installation 
lateral electrode with which said ingredient gas injector be equip with a heater in the plasma CVD 
equipment which have the middle mesh plate electrode for plasma separation with which two or more 
holes be prepared between the plasma generating room and the substrate processing room, and have an 
ingredient gas injector between said middle mesh plate electrodes and substrates to be 120mm or less. 
[Claim 22] The middle mesh plate of the plasma CVD equipment which have the middle mesh plate 
electrode for plasma separation with which two or more holes be prepared between the plasma 
generating room and the substrate processing room, and have an ingredient gas injector between said 
middle mesh plate electrodes and substrates be plasma CVD equipment characterize by distance with a 
substrate installation lateral electrode equipped with a heater be 120mm or less. 
[Claim 23] Plasma-CVD equipment according to claim 1 to 22 characterized by the configuration of a 
middle mesh plate electrode being a square. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to suspension of the particle deposited especially on the 
chamber internal, and control of the piece exfoliation of the film about the plasma-CVD equipment 
which has the middle mesh plate electrode which separates a plasma production field and a substrate 
process field. 
[0002] 

[Description of the Prior Art] Controlling a plasma damage, there is the remote plasma-CVD method for 
dividing a plasma generating field and a deposited substrate into one of the plasma-CVD methods which 
performs film formation spatially to a substrate, and it has become a technique important as a thin film 
forming method which can produce a high-reliability device and a high performance device in the 
semiconductor device process to it. The switching transistor formation process and drive circuit 
transistor formation process of a large area flat-panel display, and as remote plasma-CVD equipment 
which can respond to large- sized substrate thin film formation processes, such as a diameter silicon 
wafer process of macrostomia In parallel monotonous plasma-CVD equipment, for example, between a 
RF impression electrode and the counterelectrode with which a deposited substrate is installed as 
indicated by JP,5-21393,A The mesh plate electrode which two or more holes opened is installed, and 
the parallel monotonous remote plasma-CVD equipment which shuts up the plasma between this middle 
mesh plate electrode and a RF impression electrode is known. This parallel monotonous remote plasma- 
CVD equipment is useful to especially silicon oxide film, a silicon nitride film, etc. used as the silicon 
oxide film used as the gate dielectric film in a large-sized glass substrate top thin film transistor, a 
silicon nitride film, the amorphous silicon film that similarly serves as the barrier layer and gate 
electrode in a large-sized glass substrate top thin film transistor, and the interlayer insulation film in a 
large-sized Si substrate top transistor component. 
[0003] 

[Problem(s) to be Solved by the Invention] The schematic diagram of conventional parallel monotonous 
remote plasma-CVD equipment is shown in drawing 28 , and when forming the silicon oxide film, signs 
that silicon oxide powder particle generates and adheres are explained. In remote plasma-CVD 
equipment, when forming the silicon oxide film 4 by making mono-silane gas 9 and oxygen gas 5 into 
ingredient gas, as shown in drawing 28 , the silicon oxide film accumulates not only on a chamber wall 
but on the ingredient gas injector 8 and the middle mesh plate electrode 1 1 which introduce mono-silane 
gas 9 etc. In the ingredient gas injector 8 neighborhood, the reaction of mono-silane gas 9 and the 
diffused oxygen radical 7 is intense, the silicon oxide deposition thickness to the middle mesh plate 
electrode 1 1 located near the ingredient gas injector 8 and the ingredient gas injector is thicker than the 
deposited substrate 3, and the film tends to contain the silicon oxide powder particle 12 here. In further 
conventional remote plasma-CVD equipment, even if the temperature of the ingredient gas injector 8 
and the middle mesh plate electrode 1 1 considers the radiant heat from the heater of the substrate side 
counterelectrode 2 containing a heater, it is at most 70 degrees C, and if it is low temperature, a certain 
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forge-fire deposition film will become powder. In addition, generally the silicon oxide film and other 
CVD film have the property to be easy to become powder, under low temperature, high-speed 
deposition, and a high-pressure membrane formation condition. 

[0004] If the film is formed in up to the silicon oxide powder particle 14 which adhered on the deposited 
substrate 3 which this powder particle 12 floats and forms a device, and adhered to that deposited 
substrate 3, insulation will become very low and a particle adhesion part will become gate dielectric film 
and the interlayer insulation film of a MOS device with an unsuitable thing. 
[0005] Moreover, the silicon oxide film which showed the schematic diagram of the conventional 
ingredient gas injector to drawing 29 , and adhered to it thick- film-izes, and signs that the piece of the 
film exfoliates are explained. As shown in drawing 29 , the ingredient gas injector 22 is usually a 
product made from stainless steel, because of the coefficient-of-thermal-expansion difference of the 
silicon oxide film and stainless steel, a crack 17 goes into the deposition silicon oxide thick film 18 by 
change of chamber temperature, and the piece 21 of the silicon oxide film exfoliates from the charge gas 
injector 22 of stainless steel lumber. If the piece 21 of the exfoliation film adheres on a deposited 
substrate at the time of film formation and the film is formed on it, it will become unsuitable as gate 
dielectric film and the interlayer insulation film of a MOS device like the case where it is said powder 
particle. 

[0006] Although there is also a method of performing frequently dry etching cleaning and wet etching 
cleaning of chamber components in order to avoid the above problem, productivity will be reduced by 
this approach. 

[0007] By the way, when the depository object of a reaction chamber pars basilaris ossis occipitalis 
exfoliates or floats, the technique of preventing depositing as particle on a substrate is indicated by JP,5- 
291240,A. The plasma-CVD film is formed with this technique, slushing nitrogen or inert gas into a 
reaction chamber from the pinhole of a large number opened in the reaction chamber pars basilaris ossis 
occipitalis. Since nitrogen gas etc. is blowing off even if excessive gas reacts each other by this and it 
falls at the reaction chamber pars basilaris ossis occipitalis, it is supposed that it will not adhere to a pars 
basilaris ossis occipitalis, but will be exhausted. 

[0008] Moreover, a septum is formed in the ion source side of a chamber, the rare-gas inlet which 
introduces rare gas into the side attachment wall of an accessory cell made by the septum is established 
in the microfilm (JP,62-166627,U) of an application for utility model registration No. 55174 [ Showa 61 

to ], and the technique which introduces rare gas from the direction which intersects perpendicularly 

with the flow of the dust containing the ion plasma or a particle is indicated. It is carrying out, if dust 
does not reach a direct wafer, since rare gas collides with dust and dust is scattered about by this. 
[0009] However, in these official reports, it cannot prevent the film accumulating on an ingredient gas 
injector or a middle mesh plate electrode. 

[0010] The purpose of this invention is to offer the plasma-CVD equipment which can control powder 
particle deposition on chamber components, and the film exfoliation from the chamber components by 
the coefficient-of-thermal-expansion difference. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose , this invention is 
characterize by take the following means in the plasma CVD equipment which has the middle mesh 
plate electrode for plasma separation with which two or more holes were prepared between the plasma 
generating room and the substrate processing room , or said plasma CVD equipment which has an 
ingredient gas injector between a middle mesh plate and a substrate . 

(1) Near the middle mesh plate electrode, it has the device which controls the reaction of ingredient gas. 
Moreover, if it is in the plasma-CVD equipment which has an ingredient gas injector, the reaction of the 
ingredient gas near the ingredient gas injector is controlled. It can attain by specifically having the 
device which injects inert gas between a plasma generating room and a substrate processing room. 
[0012] It is controlled or prevented that particle does not occur but particle adheres to an ingredient gas 
injector or a middle mesh plate electrode by having the device which injects inert gas since early film 
precursor generation an ingredient gas injector and near a middle mesh plate electrode can be controlled. 
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Therefore, particle floats from an ingredient gas injector or a middle mesh plate electrode, adhering on a 
deposited substrate is controlled or prevented, and' it becomes possible [ forming gate dielectric film and 
the interlayer insulation film of a MOS device without a defect ]. 

[0013] A configuration like (2) - (5) can be considered as a device which spouts inert gas. 

(2) It has an inert gas injector between a middle mesh plate electrode and an ingredient gas injector. 

(3) A middle mesh plate electrode has the hole which passes the radical produced in the plasma 
generating field, and the hole which injects inert gas. 

(4) A middle mesh plate electrode has the hole which passes the radical produced in the plasma 
generating field, the hole which makes ingredient gas inject, and the hole which injects inert gas. 

(5) The above-mentioned gas injector has the hole which passes the radical produced in the plasma 
generating field, the hole which makes ingredient gas inject, and the hole which injects inert gas. 
[0014] Moreover, there are the following as other means for solving the above-mentioned technical 
problem. 

(6) It has a means to control that the film deposited on the middle mesh plate electrode (they are a 
middle mesh plate electrode or an ingredient gas injector when it has an ingredient gas injector) 
exfoliates. Therefore, the coefficient-of-thermal-expansion difference (and/or at least coefficient-of- 
thermal-expansion difference of the ingredient of an ingredient gas injector front face and a membrane 
formation ingredient) of the ingredient of a middle mesh plate electrode surface and a membrane 
formation ingredient is characterized by being smaller than the coefficient-of-thermal-expansion 
difference of stainless steel and a membrane formation ingredient at least. 

[0015] In the above middle mesh plate electrodes or ingredient gas injectors When CVD chamber 
temperature changes, since the coefficient-of-thermal-expansion difference with a membrane formation 
ingredient is small Since being able to control or prevent, and the piece of the film exfoliating from an 
ingredient gas injector or a middle mesh plate electrode, and a crack arising or exfoliating floating on the 
adhering film, and adhering to it on a deposited substrate is controlled or prevented, It becomes possible 
to form gate dielectric film and the interlayer insulation film of a MOS device without a defect. 
[0016] When membrane formation ingredients are silicon oxide, polycrystalline silicon, and amorphous 
silicon, the coefficient of thermal expansion of 14.7x1 0-6/degree C and silicon oxide forms a middle 
mesh plate electrode and an ingredient gas injector with an ingredient with which a coefficient-of- 
thermal-expansion difference becomes small rather than these differences since 0.4 - lxl 0-6/degree C 
and silicon are 0,5x1 0-6/degrees C, or a stainless coefficient of thermal expansion should just cover a 
middle mesh plate electrode and an ingredient gas injector with these ingredients. There is the following 
as an ingredient suitable for such covering. 
[0017] 

Ingredient Coefficient of thermal expansion (x 1 0-6/degree C) 

A quartz 0.4-0.55 Soda lime glass 8-9 Oxidization titanium 9 An alumina 8.3 Titanium 8.4 Silicon 5 
Molybdenum 4.9 Tungsten 4.6 Tantalum 6.5 ~ the quartz and especially the alumina are excellent 
among these ingredients. 

[0018] In creating a middle mesh plate electrode and the ingredient gas injector itself, soda lime glass, 
titanium, molybdenum, the tungsten, and the tantalum are suitable among the above-mentioned 
ingredients. 

[0019] A configuration like (7) - (10) can be considered as a configuration of such a CVD system. 

(7) The ingredient gas injector is formed with the ingredient with the coefficient-of-thermal-expansion 
difference of an ingredient gas injector ingredient and a membrane formation ingredient smaller than the 
coefficient-of-thermal-expansion difference of stainless steel and a membrane formation ingredient. 

(8) The ingredient gas injector is covered with the ingredient with the coefficient-of-thermal-expansion 
difference of the covering material of an ingredient gas injector, and a membrane formation ingredient 
smaller than the coefficient-of-thermal-expansion difference of stainless steel and a membrane 
formation ingredient. 

(9) The middle mesh plate electrode is formed with the ingredient with the coefficient-of-thermal- 
expansion difference of a middle mesh plate electrode material and a membrane formation ingredient 
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smaller than the coefficient-of-thermal-expansion difference of stainless steel and a membrane 
formation ingredient. 

(10) The middle mesh plate electrode is covered with the ingredient with the coefficient-of-thermal- 
expansion difference of the covering material of a mesh plate, and a membrane formation ingredient 
smaller than the coefficient-of-thermal-expansion difference of stainless steel and a membrane 
formation ingredient. 

[0020] Moreover, when it has an inert gas injector like the above (2), an inert gas injector can be 
covered with an ingredient with which the coefficient of thermal expansion of an inert gas injector and a 
membrane formation ingredient becomes smaller than the coefficient-of-thermal-expansion difference of 
stainless steel and a membrane formation ingredient, or an inert gas injector can also be created with 
such an ingredient, 

[0021] Moreover, there are the following as other means for solving the above-mentioned technical 
problem. 

(1 1) It is characterized by being the structure where said middle mesh plate electrode or an ingredient 
gas injector can have the temperature of 100 degrees C or more so that silicon oxide powder particle 
deposition in said middle mesh plate electrode or an ingredient gas injector may be controlled, 
[0022] In the above middle mesh plate electrodes or ingredient gas injectors, since the skin temperature 
is kept at 100 degrees C or more, the film adhering to a middle mesh plate electrode or an ingredient gas 
injector turns into precise film, and can control or prevent that the particle-like film adheres. Therefore, 
particle floats from a middle mesh plate electrode or an ingredient gas injector, adhering on a deposited 
substrate is controlled or prevented, and it becomes possible [ forming gate dielectric film and the 
interlayer insulation film of a MOS device without a defect ]. 

[0023] A configuration like (12) - (17) can be considered as a configuration of such a CVD system. 

(12) The ingredient gas injector is constituted including the heating element. 

(13) The middle mesh plate electrode is constituted including the heating element. 

(14) The ingredient gas injector is connected with the heating element, 

(15) The middle mesh plate electrode is connected with the heating element. 

(16) Distance with the substrate installation lateral electrode with which an ingredient gas injector is 
equipped with a heater is 120mm or less. 

(17) Distance with the substrate installation lateral electrode with which a middle mesh plate is equipped 
with a heater is 120mm or less. 

[0024] Moreover, the purpose is attained when it has an inert gas injector like the above (2), and 
distance with the substrate installation lateral electrode with which it connects with the heating element, 
or it is equipped with a heater or the inert gas injector is constituted including the heating element is 
120mm or less. 

[0025] Furthermore, a middle mesh plate electrode can be used as a square in equipment [ more than ]. 
In recent years, a substrate will be enlarged and plasma-CVD equipment will also be increasingly 
enlarged in having used the conventional circular middle mesh plate. According to the configuration of a 
substrate, the miniaturization of equipment can be attained by using a middle mesh plate electrode as a 
square. 
[0026] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained referring to 
drawing. 

[0027] (Operation gestalt 1) Silicon oxide film formation according the gestalt of operation of the 1st of 
this invention to parallel monotonous remote plasma CVD is taken for an example, and it explains to a 
detail with reference to drawin g 1 - drawing 4 . Drawing 1 is the schematic diagram of the parallel 
monotonous remote plasma-CVD equipment in this operation gestalt, and shows the situation of silicon 
oxide membrane formation. Drawing 2 is the bottom view of the ring-like gas injector of this equipment. 
Drawing 3 is the bottom view of the inert gas flat-surface injector of this equipment. Drawing 4 is the 
sectional view of drawing 3 . 

[0028] The parallel monotonous remote plasma-CVD equipment in this invention is constituted by the 
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vacuum chamber in which evacuation is possible, the RF impression electrode 1 containing the gas 
shower head, the substrate side counterelectrode 2 containing a heater, the middle mesh plate electrode 
11, the ring-like ingredient gas injector 8, and the ring-like inert gas injector 23 as fundamentally shown 
in drawing 1 . An example of the configuration of the ring-like ingredient gas injector 8 is shown in 
drawing 2 . The configuration of the ring-like inert gas injector 23 is the same as the configuration of the 
ring-like ingredient gas injector 8 of drawing 2 . Moreover, the mesh plate aperture of said middle mesh 
plate electrode 1 1 has die length comparable as the Debye length of the plasma in the generated oxygen 
plasma so that the oxygen plasma generated between the RF impression electrodes 1 can be shut up 
efficiently. 

[0029] The formation approach of the silicon oxide film is as follows. Oxygen gas 5 is introduced into 
the RF impression electrode 1 containing the gas shower head within the CVD chamber by which 
evacuation was carried out, and glow discharge is made to cause between the middle mesh plate 
electrodes 1 1 . The generated oxygen plasma 6 is efficiently shut up between the RF impression 
electrode 1 and the middle mesh plate electrode 11. Consequently, the plasma consistency between the 
middle mesh plate electrode 11 and the substrate side counterelectrode 2 is about 105 -106 cm-3 to the 
plasma consistency in the inside of the oxygen plasma 6 being about [ 1010cm - ] three. In the oxygen 
plasma, oxygen ion, an electron, the excited neutral oxygen radical exist, in oxygen ion and an electron, 
it goes in the direction of the deposited substrate 3 by electric field and diffusion, and an oxygen radical 
7 goes in the direction of the deposited substrate 3 by diffusion. However, since it is outside the plasma, 
and it is very small compared with the flux of an oxygen radical 7, the flux of the oxygen ion which 
faces to the deposited substrate 3 has a contribution of an oxygen radical 7 dominant in silicon oxide 
formation. The diffused oxygen radical 7 reacts with the mono-silane gas 9 injected from the ingredient 
gas injector 8, forms the silicon oxide precursor 10, and forms the silicon oxide film 4 on the deposited 
substrate 3. 

[0030] Since the plasma consistency between the middle mesh plate electrode 1 1 and the substrate side 
counterelectrode 2 is very low as mentioned above, compared with the usual parallel monotonous 
plasma-CVD method, the plasma damage to the deposited substrate 3 is low. This effectiveness shows 
up in the case on the front face of silicon in which a substrate front face forms an MOS interface 
notably, and is Si02 on a single crystal silicon substrate with the usual parallel monotonous plasma- 
CVD method. It is Si02 with an parallel monotonous remote plasma-CVD method to that MOS 
interface-state-density consistency being 101 l-1012cm-2eV-l near a mid gap, when the film is formed. 
When the film is formed, it becomes the low interface-state-density consistency of 1010cm - 2 e V - one 
set. 

[003 1] The description of this operation gestalt is having the ring-like inert gas injector 23 which 
supplies inert gas 24, such as gaseous helium, between the middle mesh plate electrode 1 1 and the ring- 
like ingredient gas injector 8 which supplies mono-silane gas 9. If inert gas 24 is supplied from said 
ring-like inert gas injector 23, silicon oxide powder particle adhesion in the middle mesh plate electrode 
1 1 which stopped easily being able to diffuse the mono-silane gas 9 supplied from the ingredient gas 
injector 8 to the middle mesh plate electrode 1 1 side, and had become a problem conventionally will be 
prevented or controlled. Moreover, for the existence of inert gas 24, since the reaction of the mono- 
silane gas 9 in the ingredient gas injector 8 neighborhood and an oxygen radical 7 is controlled, 
adhesion of silicon oxide powder particle in the ingredient gas injector 8 is also prevented or controlled. 
Said inert gas 24 should just be the combination of other inert gas, such as argon gas besides gaseous 
helium, and neon gas, and these inert gas here. 

[0032] Although the inert gas injector 23 was a ring-like with the above-mentioned operation gestalt, a 
flat-surface injector as shown in drawing 3 may be used. The plan and side elevation of a flat-surface 
injector are shown in drawing 3 and drawing 4 . In considering as a flat-surface injector, it forms the 
oxygen radical passage hole 25 along which the oxygen radical which has passed the middle mesh plate 
electrode passes. The oxygen radical passage hole 25 and the inert gas nozzle 28 are the independent 
hole. 

[0033] Thus, the inert gas injector in the above-mentioned example can take a configuration as occasion 
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demands in the range which does not deviate from the summary of this invention, if the location of the 
gas nozzle is located between a middle mesh plate electrode and an ingredient gas injector. 
[0034] (Operation gestalt 2) Silicon oxide film formation according the gestalt of operation of the 2nd of 
this invention to an parallel monotonous remote plasma-CVD method is taken for an example, and it 
explains to a detail with reference to drawing 5 - drawing 7 . Drawing 5 is the schematic diagram of the 
parallel monotonous remote plasma-CVD equipment in the gestalt of the 2nd operation, and shows the 
situation of silicon oxide membrane formation. Drawing 6 is the bottom view of the middle mesh plate 
electrode of this equipment. Drawing 7 is drawing having shown the example of the oxygen radical 
passage hole of a middle mesh plate electrode. 

[0035] the parallel monotonous remote plasma-CVD equipment in this invention is constituted by the 
vacuum chamber in which evacuation is possible, the RF impression electrode 1 containing the gas 
shower head, the substrate side counterelectrode 2 containing a heater, the middle mesh plate electrode 
29 that has an inert gas nozzle, and the ring-like ingredient gas injector 8 as fundamentally shown in 
drawing 5 . 

[0036] The formation approach of the silicon oxide film is as follows. Oxygen gas 5 is introduced into 
the RF impression electrode 1 containing the gas shower head within the CVD chamber by which 
evacuation was carried out, and glow discharge is made to cause between the middle mesh plate 
electrodes 29 which have an inert gas nozzle. The aperture of the oxygen radical passage hole 30 of the 
middle mesh plate electrode 29 has die length comparable as the Debye length of the plasma in the 
generated oxygen plasma here so that the oxygen plasma generated between the RF impression 
electrodes 1 can be shut up efficiently ( drawing 6 ). The radical 7 diffused through the passage hole 30 
reacts with the mono-silane gas 9 injected from the ring-like ingredient gas injector 8, forms the silicon 
oxide precursor 10, and forms the silicon oxide film 4 on the deposited substrate 3. 
[0037] In addition, as the oxygen radical passage hole 30 in the above-mentioned operation gestalt is 
shown in drawing 7 , as long as it closes the generated plasma and has the possible mesh plate 32 etc. in 
the hole 30 in slight depth, the path of the passage hole 30 may not be a dimension for shutting up the 
plasma. 

[0038] The description of this operation gestalt is that the middle mesh plate electrode 29 has the inert 
gas nozzle 28 as shown in drawing 5 and drawing 6 . If inert gas 24 is injected from the inert gas nozzle 
28, silicon oxide powder particle adhesion in the middle mesh plate electrode 29 which stopped easily 
being able to diffuse the mono-silane gas 9 supplied from the ingredient gas injector 8 to the middle 
mesh plate 29 side, and had become a problem conventionally will be prevented or controlled. Said inert 
gas 24 should just be the combination of other inert gas, such as argon gas besides gaseous helium, and 
neon gas, and these inert gas here. 

[0039] (Operation gestalt 3) Silicon oxide film formation according the gestalt of operation of the 3rd of 
this invention to parallel monotonous remote plasma CVD is taken for an example, and it explains to a 
detail with reference to drawing 8 - drawing 10 . Drawing 8 is the schematic diagram of the parallel 
monotonous plasma-CVD equipment in the 3rd operation gestalt, and shows the situation of silicon 
oxide membrane formation. Drawing 9 is the bottom view of the middle mesh plate electrode of this 
equipment, and drawing 10 is the sectional view of drawin g 9 . 

[0040] The parallel monotonous remote plasma-CVD equipment in this invention is constituted by the 
vacuum chamber in which evacuation is possible, the high frequency impression electrode 1 containing 
the gas shower head, the substrate side counterelectrode 2 containing a heater, and the middle mesh plate 
electrode 26 that has a possible oxygen radical passage hole, a mono-silane nozzle, and an inert gas 
nozzle in the same field in slight plasma closing depth as fundamentally shown in drawin g_8 . The 
middle mesh plate electrode 26 will serve as the function of an ingredient gas injector here. 
[0041] The formation approach of the silicon oxide film is as follows. Oxygen gas 5 is introduced into 
the RF impression electrode 1 containing the gas shower head within the CVD chamber by which 
evacuation was carried out, and glow discharge is made to cause between the middle mesh plate 
electrodes 26. The path of the oxygen radical passage hole 30 of said middle mesh plate electrode 26 has 
die length comparable as the Debye length of the plasma in the generated oxygen plasma here so that the 
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oxygen plasma generated between the RF impression electrodes 1 can be shut up efficiently. The radical 
7 diffused through the oxygen radical passage hole 30 reacts with the mono-silane gas 9 injected from 
the mono-silane nozzle 27 of the middle mesh plate electrode 26, forms the silicon oxide precursor 10, 
and forms the silicon oxide film 4 on the deposited substrate 3, 

[0042] In addition, as the oxygen radical passage hole 30 in the above-mentioned operation gestalt is 
shown in drawing 7 of the gestalt of the 2nd operation, as long as it closes the generated plasma and has 
the possible mesh plate 32 etc. in the hole 30 in slight depth, the path of a hole 30 may not be a 
dimension for shutting up the plasma. 

[0043] As shown in drawing 8 and drawing 9 , middle mesh plate electrode 26 confidence has the 
oxygen radical passage hole 30, the mono-silane nozzle 27, and the inert gas nozzle 28 in the same field, 
and the description of this operation gestalt is that the oxygen radical passage hole 30, the mono-silane 
nozzle 27, and the inert gas nozzle 28 are independent respectively as shown in drawing 9 and drawing 
10 . Since inert gas exists so that each of the oxygen radical passage hole 28 and the mono-silane 
passage hole 27 may be surrounded, the oxygen radical 7 near the middle mesh plate electrode 26 and 
the reaction of a mono silane 9 are controlled remarkably. For this reason, silicon oxide powder particle 
adhesion in the middle mesh plate electrode and gas injector which had become a problem 
conventionally is prevented or controlled. Said inert gas 24 should just be the combination of other inert 
gas, such as argon gas besides gaseous helium, and neon gas, and these inert gas here. 
[0044] (Operation gestalt 4) Silicon oxide film formation according the gestalt of operation of the 4th of 
this invention to parallel monotonous remote plasma CVD is taken for an example, and it explains to a 
detail with reference to drawin g 1 1 and drawing 12 . Drawing 1 1 is the schematic diagram of the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 4th operation, and shows the situation 
of silicon oxide membrane formation. Drawing 12 is the bottom view of the flat-surface injector of this 
equipment. 

[0045] The parallel monotonous remote plasma-CVD equipment in this invention is constituted by the 
flat-surface injector 31 which has the vacuum chamber in which evacuation is possible, the RF 
impression electrode 1 containing the gas shower head, the substrate side counterelectrode 2 containing 
a heater, the middle mesh plate electrode 1 1 , an oxygen radical passage hole, a mono-silane nozzle, and 
an inert gas nozzle in the same side as fundamentally shown in drawing 1 1 . 

[0046] The formation approach of the silicon oxide film is as follows. Oxygen gas 5 is introduced into 
the RF impression electrode 1 containing the gas shower head within the CVD chamber by which 
evacuation was carried out, and glow discharge is made to cause between the middle mesh plate 
electrodes 1 1 . It is [ in the RF impression electrode 1 and the middle mesh plate electrode 1 1 / plasma 
******] the same as that of the 1st example of the above. The diffused oxygen radical 7 passes the 
oxygen radical passage hole 25 of the flat-surface injector 31, reacts with the mono-silane gas 9 injected 
from the flat-surface injector 31, forms the silicon oxide precursor 10, and forms the silicon oxide film 4 
on the deposited substrate 3. * 

[0047] The description of this operation gestalt is that the oxygen radical passage hole 25 in the flat- 
surface injector 3 1, the mono-silane nozzle 27, and the inert gas nozzle 28 exist independently, 
respectively, as shown in having the flat-surface injector 3 1 which has an oxygen radical passage hole, a 
mono-silane nozzle, and an inert gas nozzle between the middle mesh plate electrode 1 1 and the 
substrate side counterelectrode 2 in the same field as shown in drawing 1 1 , and drawing 12 . Since inert 
gas exists so that each of the oxygen radical passage hole 28 and the mono-silane nozzle 27 may be 
surrounded, the oxygen radical 7 near the flat-surface injector 31 and the reaction of a mono silane 9 are 
controlled remarkably. For this reason, silicon oxide powder particle adhesion in the gas injector which 
had become a problem conventionally is prevented or controlled. Moreover, in a flat-surface injector, 
since a mono silane is hardly spread to a plasma generating field side, silicon oxide powder particle 
adhesion in the middle mesh plate electrode 1 1 is also prevented or controlled. Said inert gas 24 should 
just be the combination of other inert gas, such as argon gas besides gaseous helium, and neon gas, and 
these inert gas here. 

[0048] (Operation gestalt 5) The gestalt of operation of the 5th of this invention is explained to a detail 
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with reference to drawing 13 . 

[0049] Except an ingredient gas injector ingredient, the configuration of the parallel monotonous remote 
plasma-CVD equipment in this invention is the same as that of the parallel monotonous remote plasma- 
CVD equipment of the conventional example fundamentally shown in drawing 28 , and can be applied 
to the parallel monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the 
parallel monotonous remote plasma-CVD equipment in the gestalt of the 2nd operation, the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 
[0050] The description of this operation gestalt is in the ingredient of the ingredient gas injector which 
supplies ingredient gas, such as a mono silane, and the coefficient-of-thermal-expansion difference of an 
ingredient gas injector ingredient and a membrane formation ingredient serves as stainless steel and an 
ingredient smaller than the coefficient-of-thermal-expansion difference of a membrane formation 
ingredient. What is necessary is for the quartz to be suitable as above ingredients, for example, just to let 
the ring-like ingredient gas injector 8 in drawing 1 be a product made from a quartz, when a membrane 
formation ingredient is silicon oxide. 

[0051] The die-length direction sectional view of the charge gas. injector 33 of quartz lumber in this 
operation gestalt is shown in drawing 13 . The injector is produced with the quartz and the mono-silane 
gas nozzle 19 is punctured. The silicon oxide film adheres to this ingredient gas injector, and even if it 
thick- film-izes, since the coefficient of thermal expansion of the silicon oxide thick film 18 and the 
charge gas injector 33 of quartz lumber is almost the same, the crack by the thermal change etc. is not 
produced. For this reason, the piece exfoliation of the film from an ingredient gas injector does not take 
place, either. 

[0052] (Operation gestalt 6) The gestalt of operation of the 6th of this invention is explained to a detail 
with reference to drawing 14 and drawing 15 . 

[0053] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt is the same as that of the gestalt of the 5th operation. 

[0054] The description of this operation gestalt is in covering the ingredient gas injector which supplies 
ingredient gas, such as a mono silane, and the ingredient to cover, and the coefficient-of-thermal- 
expansion difference of ingredient gas injector covering material and a membrane formation ingredient 
serves as stainless steel and an ingredient smaller than the coefficient-of-thermal-expansion difference of 
a membrane formation ingredient. What is necessary is for the quartz to be suitable as above ingredients, 
for example, just to cover the charge gas injector 22 of stainless steel lumber in drawing 28 with the 
strong silicon oxide film of adhesion force, when a membrane formation ingredient is silicon oxide. 
[0055] The direction sectional view of a path of an ingredient gas injector is shown for the die-length 
direction sectional view of the ingredient gas injector in this operation gestalt in drawing 14 at drawing 
15 . The body of an injector is produced by stainless steel 35, and said stainless outside front face is 
covered with the strong silicon oxide of adhesion force. As the covering approach, putting film 
formation or a quartz workpiece on stainless steel etc. is raised with an elevated temperature to a 
stainless steel front face. It becomes an ingredient gas injector by puncturing the desired mono-silane 
gas nozzle 19 into this two-layer ingredient. The silicon oxide film adheres to this ingredient gas 
injector, and even if it thick-film-izes, since the coefficient of thermal expansion of the silicon oxide 
thick film 1 8 and the silicon oxide coat 34 is almost the same, the crack by the thermal change etc. is not 
produced. For this reason, the piece exfoliation of the film from an ingredient gas injector does not take 
place, either. 

[0056] (Operation gestalt 7) The gestalt of operation of the 7th of this invention is explained to a detail 
with reference to drawing 16 . 

[0057] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt Except a middle mesh plate, it is the same as that of the parallel monotonous remote plasma- 
CVD equipment of the conventional example fundamentally shown in drawing 28 . The parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 2nd operation, It is applicable to the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, the parallel monotonous 
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remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 

[0058] The description of this operation gestalt is in the ingredient of the middle mesh plate electrode 
for plasma confinement, and the coefficient-of-thermal-expansion difference of a middle mesh plate 
electrode material and a membrane formation ingredient serves as stainless steel and an ingredient 
smaller than the coefficient-of-thermal-expansion difference of a membrane formation ingredient. What 
is necessary is for the quartz to be suitable as above ingredients, for example, just to let the middle mesh 
plate electrode 1 1 in drawing 28 be a product made from a quartz, when a membrane formation 
ingredient is silicon oxide. 

[0059] The sectional view of the middle mesh plate electrode in this operation gestalt is shown in 
drawing 16 . The middle mesh plate electrode 42 is produced with the quartz, and the oxygen radical 
passage hole 30 of possible structure is formed in slight oxygen plasma closing depth. It is the passage 
hole which has the mesh plate which has the passage hole of a path comparable as the Debye length of 
the plasma who generated the possible oxygen radical passage hole 30 of structure in slight oxygen 
plasma closing depth, or the hole of size comparable as the Debye length of the plasma who made it 
generate. 

[0060] The silicon oxide film adheres to this middle mesh plate electrode, and even if it thick-film-izes, 
since the coefficient of thermal expansion of the silicon oxide thick film 18 and the middle mesh plate 
electrode 42 made from a quartz is almost the same, the crack by the thermal change etc. is not 
produced. For this reason, the piece exfoliation of the film from the middle mesh plate electrode 42 
made from a quartz does not take place, either. 

[0061] (Operation gestalt 8) The gestalt of operation of the 8th of this invention is explained to a detail 
with reference to drawing 17 , 

[0062] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt Except a middle mesh plate, it is the same as that of the parallel monotonous remote plasma- 
CVD equipment of the conventional example fundamentally shown in drawing 28 . The parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 2nd operation, It is applicable to the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 

[0063] The description of this operation gestalt is in covering the middle mesh plate electrode for plasma 
confinement, and the ingredient to cover, and the coefficient-of-thermal-expansion difference of middle 
mesh plate covering material and a membrane formation ingredient serves as stainless steel and an 
ingredient smaller than the coefficient-of-thermal-expansion difference of a membrane formation 
ingredient. What is necessary is for the quartz to be suitable as above ingredients, for example, just to 
cover the middle mesh plate electrode 1 1 in drawing 28 with the strong silicon oxide film of adhesion 
force, when a membrane formation ingredient is silicon oxide. 

[0064] The sectional view of the middle mesh plate electrode in this operation gestalt is shown in 
drawing 1 7 . The body of a middle mesh plate is produced by stainless steel 35, and it is covered with 
the silicon oxide film with the front face strong [ adhesion force ] by the side of an ingredient gas 
injector of said stainless front face at least. The strong silicon oxide film of adhesion force can be 
formed with an elevated-temperature CVD method or a high-pressure CVD method. Although covering 
may be made all over a stainless steel front face, when only the front face by the side of an ingredient 
gas injector is covered, stable plasma confinement can be performed. As the covering approach, putting 
film formation on a stainless steel front face and a quartz workpiece on stainless steel etc. is raised. By 
forming the oxygen radical passage hole 30 of possible structure in this two-layer ingredient in slight 
oxygen plasma closing depth, it becomes a middle mesh plate electrode. It is the passage hole which has 
the mesh plate which has the passage hole of a path comparable as the Debye length of the plasma who 
generated the possible oxygen radical passage hole 30 of structure in slight oxygen plasma closing 
depth, or the hole of size comparable as the Debye length of the plasma who made it generate. 
[0065] The silicon oxide film adheres to this middle mesh plate electrode, and even if it thick-film-izes, 
since the coefficient of thermal expansion of the silicon oxide thick film 18 and the silicon oxide coat 34 
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is almost the same, the crack by the thermal change etc. is not produced. For this reason, the piece 
exfoliation of the film from the middle mesh plate electrode 42 made from a quartz does not take place, 
either, 

[0066] (Operation gestalt 9) The gestalt of operation of the 9th of this invention is explained to a detail 
with reference to drawing 18 - drawing 20 . 

[0067] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt Except an ingredient gas injector, it is the same as that of the parallel monotonous remote 
plasma-CVD equipment of the conventional example fundamentally shown in drawing 28 . The parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 2nd operation, It is applicable to the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 

[0068] The description of this operation gestalt is that the ingredient gas injector is constituted including 
a heating element. 

[0069] Drawing 18 - drawing 20 are the examples of the ingredient gas injector containing a heating 
element, and show the direction sectional view of a path in the case of a tube-like gas injector, 
respectively. 

[0070] The gas injector shown in drawing 18 covered the three-tiered structure ceramics heater of boron 
nitride ceramics 36 / graphite 37 / boron nitride ceramics 36 to stainless steel 35, and has covered the 
maximum front face with silicon oxide 34 further for a pollution control. The ceramics heater uses 
generation of heat by the energization to graphite, and die boron nitride ceramics 36 has played the role 
of an electric insulation. Since the boron nitride ceramics 36 and graphite 37 can be formed by hot 
chemical vapor deposition (CVD method), formation of a up to [ a tube-like gas injector which was 
illustrated ] is also possible for them. In drawing 18 , other ingredients are sufficient as a quartz etc., 
and, as for the silicon oxide coat 34, stainless steel 35 may not have it. What is necessary is just the 
heater which the limit about an ingredient does not have about a heater, either, and can furthermore 
cover and form an injector. 

[0071] The tube-like gas injector which gave the silicon oxide coat 34 to stainless steel 35 is a basic 
form, and the gas injector shown in drawing 19 has the rod-like heater 38 in the tubing. As a cylindrical 
heater 38, a magnesium oxide insulation sheath mold flexible micro heater etc. is raised, for example. 
Since said micro heater can produce a thing with a diameter of about 1mm, it fits the structure of 
drawing 19 . In drawing 19 , other ingredients are sufficient as a quartz etc., and, as for the silicon oxide 
coat 34, stainless steel 35 may not have it. Moreover, what is necessary is just the cylindrical heater 
which has a path smaller than a tube diameter so that there may be no limit about an ingredient or 
structure also about a heater and it can install in injector tubing. 

[0072] The tube-like gas injector which gave the silicon oxide coat 34 to stainless steel 35 is a basic 
form, and the gas injector shown in drawing 20 has the cylindrical heater 38 in the outside surface of the 
tubing. The configuration of the cylindrical heater 38 is the same as that of the example of above- 
mentioned drawing 19 . In drawing 20 , other ingredients are sufficient as a quartz etc., and, as for the 
silicon oxide coat 34, stainless steel 35 may not have it. Moreover, there is no limit about an ingredient 
or structure also about a heater. 

[0073] Although the above-mentioned example described only the tube-like gas injector, it is applicable 
to a flat-surface plate-like gas injector as shown with the gestalt of the 3rd operation, or the gestalt of the 
4th operation etc. 

[0074] As mentioned above, the skin temperature of a gas injector can be maintained at an elevated 
temperature by constituting a gas injector including a heating element. Silicon oxide powder particle 
adheres to an ingredient gas injector, when silicon oxide film formation is performed without heating an 
injector, since the reaction near a mono-silane gas injector has early and low temperature, since adhesion 
force is weak, it will float in a chamber, but if it heats at about 100 degrees C, it will become very fine 
particle and adhesion force will also become strong. And if it heats at about further 150-200 degrees C, 
film-like silicon oxide will adhere to an ingredient gas injector, and particle suspension will be lost. 
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[0075] (Operation gestalt 10) The gestalt of operation of the 10th of this invention is explained to a 
detail with reference to drawing 2 1 and drawin g 22 . 

[0076] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt Except a middle mesh plate electrode, it is the same as that of the parallel monotonous remote 
plasma-CVD equipment of the conventional example fundamentally shown in drawing 28 . The parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 2nd operation, It is applicable to the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, the parallel monotonous 
remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 

[0077] The description of this operation gestalt is that the middle mesh plate electrode is constituted 
including a heating element. 

[0078] Drawing 21 and drawing 22 are the examples of the middle mesh plate electrode containing a 
heating element, and show the sectional view, respectively. 

[0079] The middle mesh plate electrode shown in drawing 21 covered the three-tiered structure ceramics 
heater of boron nitride ceramics 36 / graphite 37 / boron nitride ceramics 36 to stainless steel 35, and has 
covered the maximum front face with silicon oxide 34 further for a pollution control. A heater and 
silicon oxide have not covered the plasma generating field by drawing 21 for attaining stabilization of 
the plasma, and it may cover both sides with a heater and silicon oxide. Since the boron nitride ceramics 
36 and graphite 37 can be formed with hot chemical vapor growth (CVD), they have the advantage that 
the heater of various structures can be formed. What is necessary is just the heater which the silicon 
oxide coat 34 may not have in drawing 21 , and the limit about a heater ingredient does not have, and 
can cover and form a middle mesh plate electrode, 

[0080] The middle mesh plate electrode shown in drawing 22 makes a cylindrical heater reticulated, and 
the heater itself achieves the function of plasma confinement. As a cylindrical heater 38, a magnesium 
oxide insulation sheath mold flexible micro heater etc. is raised, for example. Since the above- 
mentioned micro heater can produce a thing with a diameter of about 1mm and is rich also in flexibility, 
it fits the structure of drawing 22 . The aperture of the mesh plate which a cylindrical heater forms 
serves as size comparable as the Debye length of the plasma who made it generate, and can shut up the 
plasma efficiently. In addition, as long as there is no limit about an ingredient. or structure about the 
cylindrical heater 38 and it can achieve plasma confinement and both the functions of generation of heat, 
you may be what kind of cylindrical heater. . - 

[0081] As mentioned above, the skin temperature of a middle mesh plate electrode can be maintained at 
an elevated temperature by constituting a middle mesh plate electrode including a heating element. 
When silicon oxide film formation is performed without heating a middle mesh plate electrode, silicon 
oxide powder particle adheres to a middle mesh plate electrode for the diffused mono- si lane gas, and 
since adhesion force is weak, it will float in a chamber. If a middle mesh plate electrode is heated at 
about 100 degrees C here, it will become very fine particle and adhesion force will also become strong. 
If it heats at about further 150-200 degrees C, film-like silicon oxide will adhere to a middle mesh plate 
electrode, and particle suspension will be lost. 

[0082] (Operation gestalt 1 1) The gestalt of operation of the 1 1th of this invention is explained to a 
detail with reference to drawing 23 and drawing 24 . 

[0083] The configuration of the parallel monotonous remote plasma-CVD equipment in this invention 
Except an ingredient gas injector and its related section It is the same as that of the parallel monotonous 
remote plasma-CVD equipment of the conventional example fundamentally shown in drawing 28 . The 
parallel monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 2nd operation, It is applicable to the 
parallel monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, the parallel 
monotonous remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 
[0084] The description of this invention is that the ingredient gas injector is connected with the heating 
element. 

[0085] Drawing 23 and drawing 24 are the examples of the ingredient gas injector connected with the 
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heating element, and drawin g 23 shows the schematic diagram when drawing 24 looks at a ring-like 
ingredient gas injector for the location of the heating element in the cross-section schematic diagram of 
remote plasma-CVD equipment from an equipment inferior surface of tongue. As a heating element, 
generation of heat of about 200 degrees C may be possible, and as long as the chamber contamination 
from a heating element is controlled, you may be what kind of heaters, such as a sheath heater and a 
ceramic heater. 

[0086] Since the heating element 39 is connected to the ingredient gas injector in locations other than 
the main functional division of the ingredient gas injector 8 as shown in drawing 23 and drawing 24 , an 
ingredient gas injector is structure which contains a metal at least, and requires that a heating element 39 
should touch the metal If a heating element 39 is connected to a metal, heat will conduct to the whole 
ingredient gas injector through the metal. Thus, by installing a heating element in locations other than 
the main functional division of a gas injector, it has the advantage that restricting the function as CVD in 
any way is lost. 

[0087] Thus, the temperature of a gas injector can be maintained at an elevated temperature by 
connecting a gas injector to a heating element. Silicon oxide powder particle adheres to an ingredient 
gas injector, when silicon oxide film formation is performed without heating an injector, since the 
reaction near a mono-silane gas injector has early and low temperature, since adhesion force is weak, it 
will float in a chamber, but if it heats at about 100 degrees C, it will become very fine particle and 
adhesion force will also become strong. And if it heats at about further 150-200 degrees C, film- like 
silicon oxide will adhere to an ingredient gas injector, and particle suspension will be lost. 
[0088] (Operation gestalt 12) The gestalt of operation of the 12th of this invention is explained to a 
detail with reference to drawing 25 and drawing 26 . 

[0089] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt Except a middle mesh plate electrode and its related section It is the same as that of the parallel 
monotonous remote plasma-CVD equipment of the conventional example fundamentally shown in 
drawing 28 . The parallel monotonous remote plasma-CVD equipment in the gestalt of the 1st operation, 
the parallel monotonous remote plasma-CVD equipment in the gestalt of the 2nd operation, It is 
applicable to the parallel monotonous remote plasma-CVD equipment in the gestalt of the 3rd operation, 
the parallel monotonous remote plasma-CVD equipment in the gestalt of the 4th operation, etc. 
[0090] The description of this operation gestalt is that the middle mesh plate electrode is connected with 
the heating element. 

[0091] Drawing 25 and drawing 26 are the examples of the middle mesh plate electrode connected with 
the heating element, and drawing 25 shows the schematic diagram when drawing 26 looks at a middle 
mesh plate electrode for the location of the heating element in the cross-section schematic diagram of 
remote plasma-CVD equipment from an equipment inferior surface of tongue. As a heating element, 
generation of heat of about 200 degrees C may be possible, and as long as the chamber contamination 
from a heating element is controlled, you may be such heaters, such as a sheath heater and a ceramic 
heater. 

[0092] Since the heating element 39 is connected to the ingredient gas injector in locations other than 
the main functional division of the middle mesh plate electrode 1 1 as shown in drawing 25 and drawing 
26 , a middle mesh plate electrode is structure which contains a metal at least, and requires that a heating 
element 39 should touch the metal. If a heating element 39 is connected to a metal, heat will conduct on 
the whole mesh plate. Although the heating element 39 is connected to all the peripheries of the mesh 
plate 1 1 in the example of drawing 26 , the partially connected configuration may be used. By installing 
a heating element in locations other than the main functional division of a middle mesh plate electrode, 
it also has the advantage that restricting the function as CVD in any way is lost. 

[0093] Thus, the temperature of a middle mesh plate electrode can be maintained at temperature, such as 
100 degrees C and 200 degrees C, by connecting a middle mesh plate electrode with a heating element. 
When silicon oxide film formation is performed without heating a middle mesh plate electrode, silicon 
oxide powder particle adheres to a middle mesh plate electrode for the diffused mono-silane gas, and 
since adhesion force is weak, it will float in a chamber. If a middle mesh plate electrode is heated at 
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about 100 degrees C here, it will become very fine particle and adhesion force will also become strong. 
If it heats at about further 150-200 degrees C, film-like silicon oxide will adhere to a middle mesh plate 
electrode, and particle suspension will be lost, 

[0094] (Operation gestalt 13) The gestalt of operation of the 13th of this invention is explained to a 
detail with reference to drawing 27 . 

[0095] The configuration of the parallel monotonous remote plasma-CVD equipment in this operation 
gestalt It is the same as that of the parallel monotonous remote plasma-CVD equipment of the 
conventional example fundamentally shown in drawing 28 . The parallel monotonous remote plasma- 
CVD equipment in the gestalt of the 1st operation, the parallel monotonous remote plasma-CVD 
equipment in the gestalt of the 2nd operation, It is applicable to the parallel monotonous remote plasma- 
CVD equipment in the gestalt of the 3rd operation, the parallel monotonous remote plasma-CVD 
equipment in the gestalt of the 4th operation, etc. 

[0096] The description of this operation gestalt is to make distance of the substrate side counterelectrode 

containing a heater, and an ingredient gas injector, and distance of the substrate side counterelectrode 

containing a heater, and a middle mesh plate electrode below into assignment distance. 

[0097] Drawing 27 shows the distance of the substrate side counterelectrode 2 containing a heater, and 

the ingredient gas injector 8, and the distance of the substrate side counterelectrode 2 containing a 

heater, and the middle mesh plate electrode 1 1 in fundamental parallel monotonous remote plasma-CVD 

equipment. 

[0098] The distance 41 of the substrate side counterelectrode 2 containing the distance 40 and the heater 
containing a heater of the substrate side counterelectrode 2 and the ingredient gas injector 8 which were 
shown in drawing 27 , and the middle mesh plate electrode 1 1 is easy to be heated under the effect of the 
radiant heat from the heater of the substrate side counterelectrode 2, and the conductive heat, so that it is 
short. Moreover, it is easy to become hot, so that the temperature of the heater of the substrate side 
counterelectrode 2 is so high that chamber internal pressure is high. Within the limits of this, the 
pressure of a typical plasma-CVD method is 13-130Pa, heater temperature is 200-350 degrees C, and 
heating is [ heating of an ingredient gas injector or a middle mesh plate electrode is the easiest for the 
pressure of 130Pa, and conditions with a heater temperature of 350 degrees C, and ] the most difficult 
for conditions with a pressure [ of 1 3Pa ], and a heater temperature of 200 degrees C. In order to make 
temperature of the ingredient gas injector 8 or the middle mesh plate electrode 1 1 into 100 degrees C or 
more on condition that the former, said distance 40 or distance 41 should just be 0-1 20mm. Moreover, in 
order to make temperature of the ingredient gas injector 8 or the middle mesh plate electrode 1 1 into 100 
degrees C or more on condition that the latter, said distance 40 or distance 41 should just be 0-60mm. 
[0099] Thus, it becomes possible by making distance of the ingredient gas injector 8 and the middle 
mesh plate electrode 1 1 , and the substrate side counterelectrode 2 containing a heater below into 
assignment distance, and using the radiant heat and conductive heat of a heater of the substrate side 
counterelectrode 2 to maintain the ingredient gas injector 8 and the middle mesh plate electrode 1 1 at an 
elevated temperature, without adding special structure. 

[0100] When silicon oxide film formation is performed without heating an ingredient gas injector and a 
middle mesh plate electrode, silicon oxide powder particle adheres to an ingredient gas injector and a 
middle mesh plate electrode, and since adhesion force is weak, it will float in a chamber. However, since 
it will become the silicon oxide of the shape of very fine particle or film and adhesion force will also 
become strong if the ingredient gas injector and the middle mesh plate electrode are heated by about 100 
degrees C, particle suspension decreases sharply. 

[0101] In the gestalt of the above operation, although the silicon oxide film formation using a mono 
silane and oxygen was mentioned as the example and this invention was explained, liquid Si raw 
materials, such as high order silanes, such as a disilane, and TEOS (Tetraethoxy silane), etc. are 
sufficient instead of a mono silane, and nitrous oxide, nitrogen oxide, etc. may be used instead of 
oxygen, 

[01 02] Moreover, although the example in the gestalt of operation explained by mentioning silicon 
oxide film formation as an example, it can acquire the same effectiveness also about plasma-CVD 
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membrane formation of other ingredients, such as silicon nitride film formation by the reaction of a 
mono silane and ammonia, and amorphous silicon film formation by decomposition of a mono silane. 
[0103] Furthermore, although the example using parallel monotonous remote plasma-CVD equipment 
was given in the gestalt of all operations, this invention will be applied, even if it is equipments of what 
kind of gestalt, such as plasma-CVD equipment using the microwave plasma, the electron cyclotron 
resonance plasma, inductively coupled plasma, and the helicon wave plasma, if it is plasma-CVD 
equipment which has the middle mesh plate electrode for plasma separation with which two or more 
holes were prepared between the plasma generating room and the substrate processing room. 
[0104] 

[Effect of the Invention] When exfoliation of the piece of the film from that adhesion of silicon oxide 
powder particle in an ingredient gas injector and a middle mesh plate electrode was prevented or 
controlled, an ingredient gas injector, and a middle. mesh plate electrode was prevented or controlled by 
this invention, silicon oxide powder particle adhesion in a substrate and adhesion of the piece of the 
silicon oxide film in a substrate are prevented or controlled, and it becomes possible to form the suitable 
silicon oxide film for gate dielectric film and the interlayer insulation film of a MOS device. 



[Translation done.] 
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± t tziimi zti&. c\c\ xmz^mtfx 2 4 &^ y 
v&tfx<Dftfr. Tfoiytfx. **ytfx%y.m<7)^ 

[0032 ] ±$mmmmxn^mmxj yv^9 

2 3 m y y?#xh tztK m 3 iz^-tx a wm<< y 
50 i/^tvx^x^.ms&xifmA^mJ yi/*?? 



1 1 

7 x* ;Piii§?L 2 5 t ^f£^Xt«7L 2 8 &m. L£i 

[00 33] ZCOX 0 fc. ±ISII«J£fcTO^tt# 
x>rys/x??ti. ^^'^M?L^SM^TO^7x 

i#S£J5t*:7#K£ 1 5 -T h S . 
[0034] ( 2 ) 2 C92£Sfi<9$S8 

£¥fir U - h 7° ^ XT C V Dfcfc J; 4 Kft y n 
>JR0j££ffl£fc 0. 05-07 £#&LTi¥ffl£&fi!J 

06W\ <r<0^B<A* 

* -y y jl 71/ - h « ffi^gHBS 7 x*;Wiia7L^ * ^ u ■ 
fc0T&S. 

[0035] 2f=^KltS(75 h75Xv 

wmii, t-?-£^tfS»tffam^2, 

tt#X nftStTL * ^-f S 4^ -y U a 71/ - h MM 2 9 , 

[ o o 3 6 ] iHku y n yMcom^rSiiWT^ii •) . 

>y H ^tfiSMiOTJnOT 1 £SgS#x 5 £j£A L . ^ 
*Stt#X«StyL£ S 4^ -yya7l/-Mi2 9 

7U-bM2 9(0K*7x*/WiiafL3 0fO?Lf5(i. 

h (06) . jim3 0£ffioT&SjtL*:7v^7 
y U 7 y ifx 9 1 £J£ LTBtfbS' y r? y MfEtt 1 0 i& 

[0037] iMmmmmttZiitfmmvistfr 

Sm3 0li, 07fc*rfJ;3le, 5fii$^75X7 
^t:W^ vUj.7V-b3 2&2;£?L3 0|*l 

h tz#)<7)TffiX*% <Xi>&\\ 

[0038] ^mmmm^nm^ v s^r 

h«ffi29**05isj:tf06 fc^-f X ? CTfStttfXPft 

?stt^«stfL28*^«st$n&t. tm^-rv^ 

x7?8*^&&$ft4*y^7y#x9tt*|SLx ?y 
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1 2 

>®w*-T4 9Mmm±$wim\ztih t zz 
xmsftft&ifx 2 4 (i^u ^A^xoia**, r;i/rf y 

[0039) { mmm 3 > 3 <hmmmn 

SWPS U h7 7X7C V D tcj; mikisv 3 y 

jsm^tcfc *k 08-01 ozmxxmmtizmw 
-rs. man* %3commBm£mi¥ft¥M77X 
10 vcv Dmm.<?>vmmx**> 0 , y 3 

^LfctOTft*, 09 ii, icoSUBcO^fabf-yxA 
7V-hm»T®0. 01Oti09tfOfflfE0T*S. 
[0040] #^£fcl7&TOW; hTyXv 

cvDmmii, s*wtti08tc^t«td*=. kssbs 
ymmL&xvr^&xxmmftm-w^i-i^m 

>-y^A7U-MEffi2 6iC«t^TfltJsK$nTUS. ^ 

[004 1 ] ^{bi/ u 3 y^^^^iiwr^ji 0 . 

«y KS-^tfSmEPW® 1 5 £*AU + 

PbI^ •y^i7U-M5ffi2 6tOfUT^n-JS[SSje^ 
$ it^ . ^ £ •CKTiB^ra^ -y U jl 7U - h 2 6 <7)M 

: j%)]/m$fiL 3 o coffii , «j^isepAiim^ 1 1 <rm 
x-miZ&tzm^yyxvzmmxKmtzibhii&x 

d (2 , § *tSSR7^ X v j3 (t 5 77 XvcOrV ^* 

-h€®2 6^yU7Vm?L2 7^(btf||t$n^ 
y y y y fix 9 i: LTK^k y 'J 3 > lifi!* 1 0 
mt. *SttmS«3±tBM[;>'y3VlK4^J0jg£tS. 
[0042] ±iEHJU^»ttJlt&S3B5^;P 

3ii§?L 3 o »4 , $ 2 <nmmfm<nm i iz^t £?iz* 

^$^77X7&Kt;«^ vis^TU-h 
3 2^t'^?L3 OrttWLTV^If, 7L3 0OSti77 
X-?£mtZfrZ>t2!t><D-mx%:<Xh&\<\ 
40 [0043] ^JfcJEJ^Mii . m 8 fe J; t>'0 9 Iz^fk 

^;Hii^?L30, ^/U7y«fl,2 7fcJ:tPft£tt# 
xt«?L2 8$:|5l-®«LT^D. 09*50:^01 0 
ic^-r «fc o tenmv x*;P5ifi?L 3 0. t/y? VfW 
?L2 7fc«ttPP?J§tt#Xi!ftSt7L2 8^^^torfc 

zztxhh. ^^fix\mmvfi}mmi2at 

^Ztitb. vxi7U-h«ffi26^3a< T'^^ 

%y'JA)Vl b*Sis7y9<DfcmmL<miZtL 
50 4. C60fti^>fie3|5rajafc*-3Tl^, W7X^7V 



1 3 

- h%m& £VifX4 yy x ; ?^0)W£y 'J 3 yffift 
[0044] (»I4 ) *^C0^4^^^^1I 

tiSBtfLzmzt*). mi l&xvmi 2%mmixim 
imw~tz>. mint. m4^mmcommizm^fT 

eO&M<n¥W y¥*99 tOTffimT'fo h . 
[0045] ^^fcttSW W 'J h 

cvD^sii. 'mwwmi i 

m&WJiffifliK t-?-£^tj«M2tr*jTO2. * 

3Tt &™>f >^*x ? 9 3 1 tc J: -5T«i£3*iT^S . 
[0046] llty U n >JKco^/VStiiyT^ii 0 . 
S£^£^CVDf-^yA-|*iT\ 

-y xaTU- MEffi 1 1 fctOlBlT^n-JkS^gi 
3 -£6. ilWMIltW7y A 7WMI 
1 1 "C^r?;*^ t&tf>£R| LTfcLhfaiS 1 c^MM 

[0047] ^»B^»ti. 0 1 l X o lz 

mzmmyyx/y&mi, ^syyymzmtixis^m 

WUTv^ct, *3<fctXEIl 2tc^tioCTm>f 

>ng|t7L2 7 ±5 «t t^FJStt^r^RSStTL 2 8»ix-e*U& 

/Hiaffl, 2 8 1± J y >mm 2 7 <D ffltr 
J: ofc^fcLT^ Wyyx?^3 1 Oifi< 

•costs? j^/p 7t^yy7>9 coBcmim l < mm 

??^<nmtyv ^«A-f^ ffrtfZttfffijktfc 
i±Wffl %ti&. & tz^mj y v x ? ?viz*: Jyy yw 

iff^£tt#X 2 4 U VJ*tfX0)\lfr^ T)Vtty$ 
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1 4 

[0048] { mmmm 5 ) 5 ^m^m® 

[0049] ^Mtm^TOWJ^- h7"7X*7 

OTBSStcfctf* M'J h ryXic v D^Sfc 

10 -7CVDgatCtiftCt>3fifflT&S. 

[0050] ^mumm^mt, t;y5y^'^ 

$mt*r>z^&. mmtmmit^vny<7)^ m 
tctj its u ^#*m#* ^yyx;^8^ t -r 
[ o o 5 1 ] m 1 3£$$ffiBmicmttmMim# 

20 X^yy'x^^3 3^MI»f a ^y'i 

yU3«#fU ^ttTt. My^vHi 
1 8 fc^SM^'-X-f ^^'x 7^3 3 WS»W5Rf*ati 

istarini tx-h h tz&. f&gfttz x & 9 y % m± t 
[0052] (»i6) ^mmmecomncomm 

30 [0053] *^*fi$!BKfctt£TO¥«'J ^- 

xvcvDHEcoffl^ii, m^mmmmtnmxh 
[0054] *mmn<?>mni , *;yyy% z<m 

X\xmti t $LLX& 0 . Mi.eS 2 8 tcfcttS U 
40 XWmm*X4 yyx;^22JWf^t«ty>J 

[ 0 0 5 5 ] m 1 4 C2f^it0HSfc±ilt4W^X>f y 
ifx^yux3 5X'im£h.x&*). M&XTyux<7) 

ift>ti&, ^2mm^zmu<o^yyyy^xmmi 

50 lPSrUfSfL^ifcTW^x^y^'x^^tiS. 



1 5 

9yv9%tl±±t%\,\ zniXsbtimtiMyy*? 

[0056] ( mmmi ) *wiwm i <nm&nw& 
m i.6 £$mLx$mtzffim-z> . 

[00 57] ^mmBiz&tf&Wi^-wjt-hr? 
xvc vDmwnmmt, ? y^ri/- 
(i . m^mzm 2 8 iz^-fvt&Mwny-M v h 7° 

5X^CVDJHafc|Rl«iT*0, ^ 1 ^UStcoBBStciS 
tt^ftf¥t^-b7"7X7CVDit, $$2^HM 

m 3 nmmmm iz& tt § to™ y^-hr^xvc 
v D^gfc j: t>^4 comtmmm^i- £ y * 

[0058] *mim&0Mffl}. 7y X~?mmtbcr> 

too 59] mi eiz^mm&Biz&w&fym^vi/x. 
ucommi. &K&miZiktzy°yX'?<nT^Mtm 

[0060] ;e5+[S^7^ATU-h«ffitclKt^U 

zymtfttmL. smu h . wtis v^ymm 1 8 
[0061] (»®8 ) ^m^ms^mmmm 

£017 Sr#S^LTPfflt=ittB^5. 
[0062] *mtmmz#V&¥ft¥WJ h 7y 

mmizm&^ft^fcv^-hTyxvcvDmw. 
ms^mmmm^n^fr^wj^-vryx^c 

-h77X7CVD^t J t:^tH a 



( 9 ) ^B3¥ 1 1-1 6 8 0 9 4 

1 6 

[0063] ^mmmmmmn, ryx^mmM 

t'fflmftmmmMifi* x-ryvxtmrnm^ 
mmm^^hA^ttfAt^T^h. mm® 
mit^v^ycom^, minx o%mmt txa^m 
tfi&Lxn*), mt\zm2si<z&tfh^*>visj,7u 
- hmm 1 1 £n%%<m^Wit*vaymvmttti 

tfX^\ 

io [0064] mi nz-$m$mBt<ztm&$*ffl?<>yyx. 

y ^x^ffic^&< t i*m#*-f vxx 9 9M<0$t 

Mtfmixm* mty y 3 vjs-cttasnT t ^ . ft 

ixT i> X v^, y^'x ? ?M^fflco^£$ 

^^tnnM<m^mmi. £Kim±Zittzy°yx 

[0 06 5] CW^ia^-yxj.T'U-MEffiKS^U 
30 t mt i» >J 3 Vttflft 3 4 (7)«5S«iit5(JR t T * ^> 

[0066] (mtmm9 ) ^m<^m9<7)mm^mm 
zmi 8-02 o%&&Lxmm£wmt&. 

[0067] tmmmz&lf&WFFWLV h7°5 

x~?cvDmm<r>mm*. nmxAyv^nm 
^x-7cvD^atfwi^T'^o. %i<rmmms,zto 
^ffit^ttsw^ecy^-hxvx^cvDgfi, 

m 3 ^Sfe^fiStCiiit&^ff™ 'J ^E- h TyX^C 

vDmw&xvm4nmmmmizm&¥'n¥M v * 

-hr5X-7CVDgH&fc'fck3fifflT£&. 
[0068] «^X-f yyx 9 

[ 0 0 6 9 ] m 1 8-02 0ti^S&*&iftf*m^X^ 

x 9 9 <n^<nmsmmm^ lx^z. 

50 [007 0 ] till SitZ^-tfi?^ yV*99\±xfy\s 
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17. 18 

* 3 5 izmmm* 7$?x36/^7Wh37/ [0075] ( mmmm i o ) *%w<Dm i o emm 

m.<m#* 7$?A3 6V)3 mm^ ? 5 7 x t - 9 - mmm 2 1 ±5 xvm 2 2 zmm. Lxim£.wm-h. 

U $ bliZfttmkeotiftlcM&ffi&Wtfti/ 'J n [0076] ;fc£Jfc®Hi^fctt£ U h?7 

^7S^36fcj;^777^f h3 7(±^<M[^ fclt^lrWJ^- hT^X^C VD^iB, m2<0Hi 

( c vd^) ttzx o "Tire* s #> , jt^ffitfc tt § 'jt-b^xvcvDi 

m^u^^f a- tw* -< y v x ? ? ±^om a. m 3 ofUfs^sstcts it & y. * - h r 5 x 

"Tigris. [Hl8tci3^TXr>^X3 5i±^&Sr 10 ^CVDmU&J:Tfm4<Dm&<DBmtiZ&W&¥'ff¥U 
xt>xw s^th-^-tov^rtw^KcBwssiiiR [0077] #^«PiU^t&i±, ^fSbt-y^TO— 

**Uf.fcK [0078] gI2 1fcit^22t±^¥ft«c^tf^fBlJ>{ 

[ 0 0 7 1 ] Hi 9 fc^-#X>f y x'x ? ?t±*"r VP -y ^jtTP - h^fficOWT* o , ^ft-eft®Mii£^L 

X3 5fcm:i'V3yfflA34t:nLrz1-*-?tittfA X^&. 

4 yv^99ftwmxh o . %<mntem$m^ i o o 1 9 ] 02 1 t^^ia* v y^7v- hm®t± 

-38£WLT^&. 8f#b-;?-38fcl/Cti, Ml XfVI/X 3 5 tSffl|^7 S 7*3 6/^77 r-f 

^mit^^^^j^imy~^my^^)^4 7u v3i/mtwm^y%7X3 6<r)3mmm^y<9x 

SI mm^t^Wm^^, 01 9<JDffl ^^734^11^^, 02 IT. T^X^Ig 

jttcjSLTv^. mi 9iza^x^yux3 5ii^ &m®*t-?-n£imitisV3yTtmLxi^ 

&«(±&<. >f V^*x^^rttciftBT^&J:3tc« 7S7X36feJ:^777^ b 3 7(iSffitftft3*ffo& 

[00 7 2] 02 0 tc^rf^-f Vi/x^^ii^-rVU £Wb-?-£mT&&fcW3*iJj£&#o'Ov&. S 

X 3 5 fcBKfc^ y 3 3 4 Lfcf - 2 1 H&^T®^ U 3 yKftK 3 4 J±& < T <k < , £ 

^-3 8^tLT^. *3M£b-?-3 8<Dtij£f±_t 30 b«te£«ft«LT7&£T£ & b-^-T'&fif* J n. 

$emi 9<oMtmuvbz. m2oizn^xx^yux [ooso] m2 2t,z^t*m* «y^*ru- his 

3 5(i5^m^m-t>^<, i/iSMk^'Java i±, »ttt-^-Sffltt(=L, b-^-@#^r9Xv 

jsi34*±i<Tt>«tv\ ifcb-^-to^Tt>wm> m,y&<nm&%izt%><nxhh* #«b-^-38 

[00 73] m.(^mx\i^^-y^i]X-i yy*79 ?nb-? ff ±IBv-f ? 

ut 12 l . m 3 cr>mmcomm^m4 comn at-?- t±igg 1 m m^g^ *> w&imzrmxfo k> % 

commx^ttzXo^mri— htttfAjyiSj:?? m.mzhm&x^&tz!b, m2 2<7)ffimzmix^&. 

=5r£tfc»fflT$£. #ttb-^-^?fM-ti»p<y^^7V-hcO?L^, ^ 

I 0 0 7 4 ] W_b7) j: a ^ #*>f y^i^fc&a&tfe ±$-ttfcT7Xv^rV\'>f ^fc^S^^^ Xt^roT 

^^-cflt^-rsdfctio. tfxjyifxpjKomm 40 jso, T7Xv^»«i<^t l ri6^^fc^T^§. 

ia« $r c: fc § . ^yi?^ Jngfctf fe^ttb-^-38t'-9l W W^flKtt § MRS 

^M^'J3^M^fi)c^T-9^^ii. ty^y^f (±55: r^XT'fflbiX^t^^M^^iir-g.t 

WM^ y^x^^ti±BMtvU3>f»^-'r [0081 ] ULhWipt, W7ya7'P-M® 

ltls^**, 1 0 ovmm^mttiimmzm^ ^-hnm^m^m^m^z^zt^x^t, 

5 0-2 0 0TCSffifcWi-r*ltf , OT^X^f >xx^ Srffofc^ti, +H> 7^ A 7V-HfitlUfil![L 

^ c(±TO«^i- U a y fW& ; t ^ y) , r $ j ^ y (Ot&tzmi&V a y» ^-r 



(11) 



) 11-16 8 0 9 4 

2 0 

[oo88] (mmm 1 2 ) *mmm 1 2^^ 



1 9 

ixi&? a ;;w^7y^ri/-M®^ioo 



tf^tSKSrs. set 1 5 0-2 0 o^cmetcjpSR-r mn*m2 5axim2 6 ^mixnm^mm-t^. 



[0082] (mtmmi 1 ) i<nmw> ^wj^-hryx^cwmmtmrnxh^. m 

im*m23ti&rm2 4*$%k Lxtm^fflftf & . 1 <omm<oBB t & it & u^~h75X7cv 

[0083] ^HJtCfc § U * - h Ty X-7 D £S , $ 2 <OHS6tf>J8Sfct3 it § WW 1/ * - h 7" 

mm^mm. m*mm2 8izmw^<rmr s m v^-hryx^cvDmmxt/m^^mmmm^ 

v^-hryx^cvD^atmrnvh*). mnomm m&¥ft¥W)*-h7-yx^cvD&m%t'izhm 

m2nmm<0BmiZ&lf&W : f¥WJ : £-hTyX-?C [0 090] %$&ffiti&<Offl66tl^ W7ya7V- 

vd^s. ms^mm^mm^z^h^fi^m^-Y hmm^m^tmm.^Kx\^hztx%h. 

7yxvcvDmm&&vv&4<r>mteo$mz&fth^ [009 1 ] m2 5&£T/m2 6&m*fotmnzti£i 

^wj^-hryx^cvDmu^tizhmmx^ ^m^y^j.ru~hnm^mxh^), 02 stay*- 

[oo84] *wn<ommz. mwxj y^x? w 02 eia^isbt 7ya/p-Mi^gs» 

BfflbtimZtiX^&ZkX'foh. 20 £Jlfcfc3 0«B&®£^l,T^£. Mi*t LTfi, 2 

[0 085] ^3fcJ;tfE2 4ttl6&ftfc8aft$fl*: 0 0X^W5£&j&nfrtgT, »^f^yy«. 

IffltfAJ >'JjL??m\X*M, 023iiU^e-bT #WIM$*lTU&iOTfe;h.fcr y-^t-^-, *5 

7X7CVDM««B&it;ij(t§»« ^y?t-?-&^<Oi:d&t-?-T&->Ti& 

a>£jlfcfc$«&Bftia£^LT^&. SfeSfcfltfcLTti. [0 0 92] 02 5&j:Z/02 6^1-J: 3 $S&flc 

200 *c^co^*^itgr . fmfofr t><o^*y^f5 3 9 ii^ia -/ x i r u - b 1 1 <o±iafl&S#jytt 

^S^t-^-^ifcOJ^STt-? -T A « 7y^ru-f Mii^ < t k^ESfc ^feflSjg 

^. T&9. ^^«C^Mt:39^SrrSit^iSIT* 
[0086] S23:fe,fctflS24K^fJ;afc:, 30 5. &«K#&tt3 9£SS8-mtf. ^yya7U-h 

3 9ii*ro#;M y^x^^8co±^»Wcosa £tt*3*tfiK#t6. 02 ecoWTii* -y xj.ru- h 

Tft^^^y^i^^tffiSSiiTV^^. WW 1 l^^f^Tt«Sfe*3 9effiaUT^53!ft, Sfffl- 

^-fy^i^^ii^<fctifea^tyflBiT*> l 5, * WK^LfcfllfiSTka^. W'yy^l/-^ 

cr)^jRt^sft»3 9^firr&jLt3&^T«)4. &mz ^mmmm^amzmiwmmthzb^ 
¥m*3 9&mmzivti&. zco&mzftix. mm cvDtLxcDmm£®t>fflmt&zk&%<% 

>*j± ? ?co£m^ttw\-vimizmmmm& i o o 9 3 ] z<?> x 0 v ^ ^ru- 

tv^1M£^rf & 0 ffiwaKJMi-tf 100 t C^200 t Ct^o«t;ffi 
[0087] icoiotc, #*>f 40 o; t **T& 4 , v yaTl/- NtJffifcJtg&lH* 

•J 3>m%M$:'if^tzm£&. ^JVy y#M y ! Jx ^yU^y^^f < invm^Ml. Wtj^v^ 

>f y ? tizimikis y n vKN^s-r < w^t ru- Miflgs: i o o xm&fctomtLimmzmt>^ 

*\ i o or^t3»^n«¥^M^vvN'-r ^ 20 oxMmzt\mtix\t. y^^ru- hmm 

WtJ^<&&. ZLxmzl 50-20 WiKttcoBMfc^yrjy^jrrscfctc^O. >^-r 
y»J3 ytfttfr? h Z. t iC'Sr 0 , a'-t ? 50 [0094] ( HSfe^ffi 1 3 ) *^B^cOlS 1 3 cOS&frO 
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2 1 2 2 

mm £■ m 2 1 ixmm tzmmt & . 3 tmrn^fx ^yyi^m iWaV 7>a7i/-b 

[0095] ^mtmmfc&ifz^'trWJt-hTy w&tfio ox^mmiziimztix^tLt&miizMfrw 

mi^mmmmiz&tf&y-ftWj^-hTyxvc to 1 0 n pxkvymnmmz&^xit. ±;yyy 

x^x^cvd^ s?^w&ifcm®fcisit£¥?T¥ <nfflmft~>tdt. *si/7y<Dfrh t )£ 1 Ji'7y%:£ 

W) : £-h? : 7X-?CVDmm.&£U : m4<VmtmBm «y7^TEOS (Tetraethoxysi 

ttZm&^ft^MV^-hTyXvCVDmWftZlzh lane) &if«ftS i JSCfl&ifTfc X < , St3Btf>*> 

®ffiT*£&. 10 MiizWRi}&m.Mi\3m%z£m^xt>&\ l \ 

[0096] ^mmmm^mma. t-?-£-&tfS& [ 0 1 0 2 ] ttzmmcomm^z^i^mmn, wc^ 

soHft ^fg^Kffimr fc« - 1 k*s * ? ycoftwizx u 3 y ifmcow^w 

[ 0 0 9 7 ] 02 7i±g«jftTOWJ*-- bX^X TyX^C VDfflRfcmiXi>ffi&CDim£ftZ>ZtW 

2fc$m#*4yyx??805E«L fcit^t-^-S- [0 103] $ tt^T^Sfe^SStiiV^Tii, TO 

[0098] @2 7£^U!. t-^-JMMW 20 ^fL^ISft^il^T^X^Mffl^^^ -y ya7V- 

|S]«ffi2t*m^>fVxx^^8fi08E«l4 0ti«tt^b b«ffi£#«T7X7C VD$SET£>ft*f* 7>f?n 

Wl l<0$ffi4 lfi. &Uft£gftfflfl2t[&Jffiffi2<0t ^yny&X^X^fcfflVtfrr^X^CV 

2^h-?-waa^N5#fc£ib*l&V\ *M#>ft [0 104] 

T7XvCVDMMl3-130Pa, t-9- [3W^H] *^Htc«J: ot, ffiAtfx4y : J*9 9 

i&Kf i 2 0 0 - 3 5 0 °CT£> 0 . <T ^^fflrt Tft i *3 J: *ISU fcffi^Stffci' l J 3 

Sfctf^Sr^i. W]l 30Pa. t-^-iaffi3 5 0 30 f}XA y^x 9 9te£T/*ffl* >y i/*TU- hMj&>£> 

t - * — sase 200 •c<o&frx$> %> . m^o^-c . w ^bml^ u 3 ymw *-t*9 «t t^set^o 

$#*>r y ? ? 8i3tii4»raipf h us gg-fb^ v =j >m*c9tt$B±B&iki fciiWJS*u mo s 

1 lcoiassriooictuifc-fsfcii, iyiaggm4o^ s^y-b^^flraim^»®^M^'j3> 

£l±BE8£4 1iiO-l 2 0mm*Cft<xtf<tv\ SfcSfct IS £<! target 

^^T-M^x-f y^x? ^8^stti4»iai^ >y ^x tra^m^^] 
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